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ABSTRACT ’ Q 4 j’” § 22

This report describes the air evaporation process for the reclamation of potable
water from urine and the system built under contract number NAS-9-3796 for NASA-
MSC, Houston to automaticelly carry out the process. System operation and per=-

formance in both preliminary and acceptance testing are discussed.

1.0

2.0
2.1

PROCESS DESCRIPTION

The air evaporation process for the reclamation of water from urine consists
of a chemical treatment of the urine as collected, introduction of the treated
urine into 8 felt wick evaporator, evaporation of the water into a heated
air stream, charcoal filtration of the saturated air, condensation of the
water from the air and charcoal filtration of the condensed water. In this
process, the chemical treatment reacts with the urine to prevent the break=
down of the urine into volatile compounds, ensuring the evaporation of
practically pure water from the wick, The few volatiles that do evaporate
along with the water are almost completely removed by the charcoal filtra-
tions of the water vapor and the final condensate. The product water
possesses no objectionable color, odor or taste and contains only trace
impurities well below the limits established by the United States Public
Health Service for drinking water,

SYSTEM

Unit Description

The air evaporation unit designed to automatically carry out the process
described in Section 1.0, consists of a closed loop air circulstion system

for the evaporation and condensation of the urine-contsined water; a pre-
treatment and feed system for the introduction of the urine into the air ®
loop; a collection system for the removal and storage of processed water and
a8 display panel containing all controls and indicators necessary to the oper-
ation of the unit. p

Urine, as collected, is introduced into the unit pretreatment tank and treated
by the mamual injection of the treatment chemical. It is then introduced
into the evaporating wick, either manually, directly from the pretreatment
tank or sutomatically, through a batch feed tank. Air, within 14 inches of
water of amblent pressure at the fan inlet, is driven by the fan through an
electric heater, increasing its temperature and ability to absorb moisture.
This heated air passes into the evaporator and through the urine-filled

rayon felt wick package, causing the evaporation of water and small amounts
of impurities into the air stream, lowering the air temperature and incress-
ing its relative humidity. Passage of this nearly saturated air through a
charcoal filter removes most of the impurities before introduction into the
water-cooled condensing heat exchanger, where & tempersture reduction causes
the condensation of the water vapor into droplets. These water droplets are
entrained by the eir stream and carried into the sir-driven centrifugal water
separator. The water is pumped by the separator through @ final charcoal
filter to storage. The air, free of entrained water, passes into the fan
for recirculation through the loop.

A schematic diagram of the unit is shown in Figure 2.1. Physical dimensimns
of the unit are:
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2.2

-2-

{Continued)
Length 20 3/L inches
Width 34 1/8 inches
Height 2k inches
Height (evaporator cover open) 35 7/8 inches
Weight 109.85 pounds

Unit Operstion

Manusl operations required sre:

Introduction of treatment chemical
Installation and replacement of wicks
Initial filling of wick

Setting of asutomatic controls

All other unit operations are autamatic. .
Treatment chemical introduction consists of the operation of the chemical
injector plunger once for every 1.5 liters of urine introduced into the
pretreat tank, supplying the required chemical concentration of L ml per
liter of urine. The installation of the wick package is described in the
operating instructions and is required at approximately eight day intervals.
Each new wick must be initially filled with urine directly from the pretreat
tank by the manusl operation of the feed control and waste wster inlet valves
on the control psnel. The sutomatic controls to be set are the conductivity
snd wick feed temperature meter set points, the diverter velve selector
switch and the electric heater varisac. '

When these operations have been carried out and the unit started, the unit
will, under normal conditions, run sutomatically snd unattended. Urine is
fed to the wick in measured batches, triggered by a rise in the wick's

- internal temperature, This temperature, a function of wick wetness, is

sensed by an imbedded thermistor and displayed on a panel-mounted meter,

When the wick temperature reaches a predetermined value, contact with the
meter set point activates a solenoid valve permitting the discharge of the
spring losded batch feed tank into the wick. A microswitch, activated by

the batch feed tank as it empties, deactivates the solenoid valve and per-
mits the refilling of the batch tank from the pressurized pretreat tank.

The introduction of urine into the wick lowers the wick's internal tempera-
ture and drives the contacts below the set point to begin another cycle.

The processed water leaving the centrifugal separator passes through-a con-
ductivity sensing cell which displays the water conductivity in micromhos

per centimeter on 8 panel-mounted set point meter, If the conductivity rises
above a predetermined level, contact with the set point activates a solenoid
valve to divert the contaminated water directly to 8 discharge line for collec-
tion for reprocessing. Uncontaminated water, with conductivities lower than
the meter set point, passes through a charcoal filter in the normal collection
line and into the storage tank. The solenoid diverter valve is further con-
trolled by & panel-mounted switch, providing for automatic operation as des-
cribed, manual diversion of sll product water, or no diversion. Panele-
mounted signal lights indicate high conductivity and diverter valve operation.

Air flow through the loop is monitored by a differentisl pressure gauge
scross the fan, the AP resding being converted to CFM air flow via the fsn
celibration curve in the operating instructions. A signal light indicates
low 4P, Unit air loop temperastures are sensed by duct-mounted thermocouples



2.2 (Continued)

and displayed, through the temperature selector switch, on the panel pyro-
meter, Signal lights indicste excessive evsporator and condenser outlet
temperature, each monitored by a duct-mounted thermal switch. Heater power
is controlled and monitored by a panel-mounted variac end watimeter.

Prior to the removal of a spent wick, the unit is placed in the "RY" mode

. of operation, which permits the continued evaporation of water from the
wick while disconnecting the sutomatic feed system from the circuit. All
other automatic functions remain operastive during this time.

2.3 Unit Manufacture

The alr evaporation unit delivered under this contract was manufactured
almost entirely from existing HSD designs. Minor modifications were made

to the designs of the evaporator, water separator, and mounting brackets.

A new design was required for the electric heater and an extensive modifica-
tion was required to the display panel design to accomhodate the heater
variac and wattmeter. The addition of these items also required the reloca-
tion of minor components within the unit.

No efforts were made to minimize the size or weight of this prototype unit
which utilized, wherever possible, readily svailable commercial off-the-
shelf hardware. Studies based on the original designa of this unit indicate
posgsible savings of approximately S0% in weight and LO% in volume through
extensive redesign snd optimization.

All component and unit assembly work was accomplished at HSD. Component
calibrations and lesk and pressure tests, where required, were performed
during the component assembly phase prior to final unit assembly.

3.0 PERFORMANCE

3.1 Preliminary Testing

Tests to determine the proper operation of all components and to establish
nominal processing rates were run at the completion of assembly. Test runs
were made initielly with distilled water and later with pretreated urine.
Results of these tests are shown in Figures 3.1 to 3.4. *

3.2 Acceptance Testing

The unit scceptance test, consisting of an eight hour continuous run, a twelve
hour simulsted esrth-orbital cyclic run and a four hour dry down run in
accordance with contractusl requirements, was performed from July 22 to July
26, 1965 st HSD., The attached plan of test (Appendix) outlines the procedures
of this test. Data recorded during this test and results of the analyses

of product wster samples collected during the test are presented in the
Appendix. :

L.O ACCEPTANCE TEST RESULTS AND DISCUSSION

Plots of processing rate, system temperatures and wick temperatures are
presented in Figures L.1l, L.2 and 4.3 respectively, for the eight hour con-
tinuoua running test. A tabulation of the processed water analyses for this
test ia presented in Table L.l.
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TABLE L.1

Processed Water Analysis - 8 hour continuocus run

SAMPLE USPHS
ITEM 1 2 3 L TITS (2)
P H 7-0 609 609 6.9 <10¢5
Color, Apparent 0 2 1 2 15
Turbidity 1 1 0 1 S
Solids, Volatile 2 L 12 12 N.S.
Solids, Fixed 18 6 0 6 N.S.
Solids, Total 20 10 12 18 £00
Alkalinity 8.0 5.0 6.0 £.0 N.S.
Hardrness 6 0 0 0 N.S.
Oxygen Consumed 0.92 1.0 0.85 1.0 N.S.
Nitrogen, Ammonia 0.75 0.84 0.96 0.78 N.S.
Nitroren, Albuminoid «0,03 < 0.03 0.03 < 0.03 N.S,
Nitrogen, Nitrite 0.010 0.004 0.006 0.008 N.S.
Nitrogen, Nitrate 0.032 0.042 < ,01 0.032 10
Nitrogen, Urea 0 0 10 - 20 N.S.
Chloride < 0.5 < 0.6 < 0.5 <0.5 280
Sulfate (SO)J) <0.8 <0.8 0 0 250
Coprer <0.01 <0.01 0.11  <0.01 1.0
Iron < 0,022 0.022 0.022 0.038 0.3
fluoride (F) 0 0 0 0 3.4
Manganese 0.112 0 0.062 0.0¢ 0.3
Phosphate (PO)) 0.129 0 0 0 N.S.
Anionic Detergent - 0 0 0 0.5
%xavalent Chromium <001 <001 <0.01 <0,01 0.05

ndu(ﬁ,i‘d.‘by 1501 11,2 15.1 9.6 N.S,

Bacterjological Analysis:
i SAMPLE USPHS
1 2 LI¥MITS

Standard plate count (bacteria/ml) 46,800 117,000 N.S.
Coliform orranisms detected 0 0 N.S.
Most probable number of coliform organism per 100 ml <2.2 < 2.2

The letters N.S. in the “USPHS LIMITS™ column indicate that no limits for these items

have been specified.

-

All quantities except p H, Color, turbidity and conductivity are parts per million.
P H, color and turbidity are scale numbers, while conductivity is expres:ced in micromhos

per centimeter,

Samples referenced to data sheets 1 and 2 reading numberst

SAMPLE READING NUMBERS
1 1-7
2 8~15
3 16-21
L 21-32

‘l’ Bacteria 1
Bacteria 2

17
32
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fContinued)
The evaporator inlet tempersture of 155°F used for this test was celermined
in preliminery testing, initially with water and later with urine, to be

the most efficient temperature consistent with the fixed cooling water temp-
erature of 91°F to guarantee the specified ‘processing rate of 1.25 1bs/hr.

Comparison of the analyses of the processed water from this test with the
values established for acceptable drinking water by the United States Public
Health Service (both shown in Table L.1) indicates that in every case the

g~p1"'o<:essefl water is well within the established limits. The bacteriolcgicsl

analyses of the sample taken sfter four and eight hours running show no
coliform bacteria present and total bacteria/ml levels below those n?r?ally
found in untreated well water considered acceptable for consumption. 1

It should be noted that while the samples were collected in sterilized
vessels, neither the product water nor the water reclamation system were
treated with sny bacteriscidal agent.

Plots of processing rate and system temperatures for the twelve hour, 60
minutes on, LO minutes off cyclic test are presented in Figures L.4 and L.5.
A tabulation of the processed water asnalyses for this test is presented in
Table ho 20

Conditions for this test were, by contractual requirement, set the same as
those for the eipght hour continuous test and ylelded a processing rate of

92% of the continuous rate. The repeatability of the processing rate (Figure
L.L) during this test, with a yleld of 585 ml each hour after the initial

cold start hour for the duration of the test, indicates the feasibility of
developing completely automatic control and time-based feed systems for cyclic
operation with only minor modifications to the existing continuous running
automatic controls.

Processed water quality (Table L.2) for this test equaled that for the eight
hour continuous run, remaining well within the USPHS established limits.

Operating points of the system controls and indicators are presented in Table
L.3. No difficulties were encountered in the operation of the system in this
test or in the previous preliminary testing.

Plots of processing rates, wick wetness and water conductivity for the four
hour dry down run are presented in Figures L.6 snd 4L.7. Though no analyses
were made of the water processed during the test, the conductivity readings
indicate that all water processed was of ascceptable quality.

CONCLUSIONS

The Air Evaporstion Water Reclemation System has been completed on schedule
and has successfully met all performance requirements of the contract,

It should be noted that while the system has been designed for "zero g"
operation, the evaporating wick remains gravity dependent and will not
necessarily perform properly in all attitudes in s gravity field. All other
system components are gravity independent.
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TABLE L.2

Processed Water Analyses =~ 12-Hour Cyclic Run

Item

pH

Color, apparent
Turbidity

Solids, volatile
Solids, fixed
Solids, total
Alkalinity
Hardness

Oxygen consumed
Nitrogen, ammonia
Nitrogen, albuminoid
Nitrogen, nitrite
Nitrogen, nitrate
Nitrogen, urea
Chloride

Sulfate (S0y)
Copper

Iron

Fluoride (F)
Manganese
Phosphate (POL)
Anionic detergent
Hexavalent chromium
Conductivity

Sample 'referenced to data sheets 3, 4, and 5 reading numbers:

Sample

- "\

Reading Numbers

1 -9
10 - 18
19 - 27
28 - 36

Sample Usris
5 6 7 8 Limits
7.0 6.9 6.9 7.0 <10.5
2 0 1 1 15
0 0 0 0 5
16 6 8 i N.S.
10 12 6 L N.S.
26 18 1k .8 500
7.0 8.0 7.0 8.0 N.S.
L 0 0 0 N.S.
0.8 0.8 0.75 0.9 N.S5.
0.90 1.05 1.32 1.32 N.S.
< 0.03 0 < 0.03 < 0.03 N.S.
0.006 0.006 0.006 0.006 N.S.
0.056 0.036 0.032 0.042 10
0 10 10 0 N.S.
<0.5 <0.5 < 0.5 < 0.5 250
0 0 0 0 250
0.02 < 0.01 < 0.01 < 0.01 1.0
0.022 0.022 0.022 0.038 0.3
0 0 0 0 3.4
0.075 0.05 0.05 0.05 0.3
0 0 0 0 N.S.
0 0 - 0 0.5
< 0.01 < 0.01 < 0.01 < 0.01 0.0
13.5 14.3 15.2. 15.5 N.S.
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TABLE L.3

SYSTEM OPERATING POINTS - REFERENCE DATA SHEET 6

Fan 4P low indicating light - off at 1.9 inches H0
Eveporator temperature out high indicating light - on at 206°F
off at 1LO°F condenser
inlet temp.

Condenser temperature out high indicating light - on at 131°F
off at 126°F

Diverter valve on indicating light -

Switch in "Manual" - Light on .
Switch in "Auto",

Conductivity below set point - 1light off
Conductivity at set point - 1light on

Conductivity high indicating light =

Conductivity below set point - 1light off
Conductivity at set point - 1light on
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1. "Chemical Aspects of Urine Distillation" by David F. Putnam, ASME Paper
65-AV-~2L, Janusry, 1965,

2. "Public Health Service Drinking Water Standards" U, S. Department of
Hesalth, Education and Welfare, Washington, D. C., 1962,
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2.0

3.0

‘ 4.0

L.l
’4.2
L.3

Lol

The item being tested is the Air Evaporation Water Reclamation System,
serial number 3, manufactured under contract number NAS 9-3796 for the
NASA Mammed Spacecraft Center, Houston,

The purpose of the tests is to evaluate the performance of the unit
consistent with contractual requirements, Tests will demonstrate the
operation of system controls and indicators and the ability of the unit
to produce potable water at prescribed rates,.

The test set~up is shown schematically in Figure 1. Instrumentation
required is: _

3 Pressure regulators (0-8 psig)

3 Pressure gages (0-8 psig)

1 Flow meter (1=4 GPM water)
2 Thermocouples

2% of 2" ID flex hose
1 urine supply tank
Shop air or nitrogen :
Cooling water (L 6P at 60°-95°F)
28 Volt DC power (1 amp)

120/208 Volt, 38, LOO cycle power (2.5 KW)
Power analyzer for AC and DC power

6 Water manometers

(~6 1iters)

TEST DESCRIPTIONS

Dry run to check operation of indicating lights, thermal switches,
solenoid valves and meter set point relays - one hour.

Urine reclamation run - B8 hours continuous at conditions determined in
preliminary testing to yield a processing rate of 1.25 1bs/hr.

Urine reclamation run - 12 hours cyclic, 60 minutes on, LO minutes off
at conditions of U.2.

Data to be recorded for urine reclamation runs:

Evaporator inlet temperature Unit pyrometer

Evaporator outlet temperature
Condenser outlet temperature
Heater inlet temperature

Fan AP

Heater power

Processed water conductivity
Wick feed temperature

Pretreat tank level

Cooling water flow rate
Cooling water inlet temperature
Cooling water outlet temperature
Processed water volume

AC power

DC power

6 Component /\P's

Unit pyrometer
Unit pyrometer
Unit pyrometer
Unit AP gage

Unit wattmeter

Unit cond. meter
Unit. temp. meter
Unit sight gage
External flow meter

External TC
External TC

Graduated beaker
Extdrnal Analyzer
External analyzer
External manometers
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TEST PROCEDURE

With unit set-up as in Figure 1:

Install evaporator wick bypass hose with cooling water flow off, turn
system mode selector switch to "run", press DC power switch and AC
power "press to start" switch. Note fan &P on fan pressure rise gage
when "fan AP low" indicator light goes out.

Turn heater power variac to maximum setting (100). Note evaporator and
condenser outlet temperatures when corresponding "high" indicator lights
come on. Turn heater power variac to minimum setting (0). Note evaporator
and condenser outlet temperatures when indicator lights go out,

Turn conductivity meter set point to maximum, Place diverter valve
switch in "marual" position. Note operation of "Diverter valve on" indi=-
cator light. Place diverter valve switch in "auto" position. Note opera-
tion of "DVO" indicator light. Turn conductivity meter set point below
"test" value on meter. Hold meter test switch in "test" position and note
operation of "DVO" indicator light. Release test switch.

Turn system mode selector switch to "off".

Fi1l urine supply tank with pretreated urine and pressurize tank to L psig.
Turn waste water inlet valve to "off", transfer urine from supply tank to
pretreat tank and pressurize pretreat tank to 8 psig.

Install wick package and connect feed valve and thermistor., Turn feed
control valve to "manual™. Note level of pretreat tank sight gage. Turn
waste water inlet valve to "on", permitting urine to feed from the pre-
treat tank. When sight gage level drops by 3.0 liters, turn waste water
inlet valve to "off", Note time. Refill urine supply and pretreat tanks
as required. 7Two hours after filling of wick, turn cooling water f{low on
and adjust as directed. Set wick feed temperature and conductivity meters
set point indicators at 120YF and 100 micromhos/cm respectively. Turn
system mode selector switch to "run", press DC power switch and AC ''press
to start" switch. Adjust heater variac as directed. Record data of L.L
at 15 minute intervals for 8 hours. Store collected water in one liter
bottles for chemical analysis. Label bottles as to contents, referencing
data sheet collection numbers, Draw sterile samples of processed water
after L and 8 hours of running as directed for bacteriological analysis.

Continue running at conditions of 5.2, cycling 60 minutes on, LO minutes
off. To turn unit off, turn system mode selector switch to "off". To

turn unit on, turn system mode selector switch to "run", press DC power

and AC "press to start" switches. Record data of L.L at 20 minute inter-
vals, beginning 10 minutes after start of initial on cycle, for an elapsed
time of 12 hours, Store collected water for analysis as in 5,2 as directed.
Turn system mode selector switch to "dry" and record data of L.L at 30
minute intervals for L hours. Turn system mode selector switch to "off",
Shut off cooling water flow and depressurize all tanks,

Data will be reduced to yield operating parameters and processing rates
and delivered, with water analyses, to NASA-MSC.
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